Musicians have been shown to exhibit more robust neural coding of periodicity than non-musicians; they have also been reported to exhibit an advantage in understanding speech in noise. This study tested the hypothesis that the musicians' speech intelligibility advantage arises from more efficient coding of voiced (periodic) speech. This was tested by comparing intelligibility of normal speech in noise with that of whispered (unvoiced) speech in musicians and non-musicians. Listeners with less than 2 years of formal musical training were categorized as nonmusicians; listeners who began musical training before age 10 and who currently play more than 10 h/wk were included as musicians. Listeners heard grammatically correct nonsense sentences that were either 1. Voiced, 2. Whispered, or 3. Whispered with subband amplitude distributions matched to the voiced speech. Masking noise was either continuous or gated with a 16 Hz, 50% duty cycle. In contrast to the earlier study, preliminary data suggest no advantage for musicians over non-musicians in understanding voiced or whispered speech in either continuous-or gated-noise conditions. The results suggest that more investigation is needed to fully understand the nature of auditory and speech processing advantages imparted by musical training. [Supported by NIH grant R01DC05216.] 
INTRODUCTION
Speech understanding, especially in the presence of background noise and distractors, is a complex process dependent on multiple features of physical signals. One such feature, periodicity, has come to be considered especially important for speech intelligibility in noisy backgrounds (Moore 2008) . Pitch, the perceptual correlate of periodicity, is defined as how high or low a sound is perceived to be on a scale, and it is fundamental to the structure of speech and to the process of separating the speech from other sounds in an environment (Snyder 2007) . Physical cues related to pitch can be encoded based on the spatial pattern of excitation within the cochlea (place code), but they can also be coded via neural phase locking to the temporal periodicities of the sound (temporal code). Phase locking can be in response to both the overall periodicity of a sound, embodied in the temporal envelope repetition rate, as well as to the individual components of a harmonic stimulus, commonly referred to as temporal fine structure (TFS). Studies have suggested that TFS plays an especially important role in the process of understanding speech in noise, and they have additionally suggested that older and impaired listeners have poorer neural phase locking, while trained listeners, like musicians and tonal language speakers, have better phase locking (Strelcyk 2009; Lorenzi 2006; Grose 2010; Krishnan 2012) .
Individuals with extensive auditory training, like musicians, have demonstrated enhanced neural phase locking to speech (Russo 2004 ). This has been argued to be a result of special sensitivity to pitch acquired through experience, and has been shown to benefit the musicians' speech-in-noise performance (Parbery-Clark 2009 ). This type of relatively low-level neural plasticity has been demonstrated even after short periods of in-lab pitch discrimination training (Carcagno 2011) . The object of this study is to use novel whispered speech stimuli to further investigate the complex listening advantage of musicians and its proposed basis on TFS pitch perception.
Study of envelope and fine structure roles in speech understanding have typically used vocoded speech. Results suggest that only a small number of frequency channels of envelope modulated noise are needed for a high level of speech understanding in quiet (Shannon 1995) . In noise, however, envelope information alone appears to be less effective (Qin 2003) . The inclusion of fine structure cues may make it possible for listeners to quickly phase lock to signal information in spectro-temporal windows where dips in the noise allow for a favorable signal to noise ratio (SNR; Moore 2008).
Whispered speech is an alternative signal type that has the potential to be an excellent tool for studying the importance of TFS in speech understanding. Whispered speech does not carry a characteristic pitch produced by the speaker's vocal chords; it is essentially noise naturally modulated by the vocal tract. This type of production has a characteristic long-term frequency spectrum, but it does not have pitch. Work by Freyman et al. (2012) , shows release from masking in gated noise conditions with whispered speech, suggesting that the lack of pitch-inducing periodic TFS does not seem to impair listeners' abilities to listen in the dips. In this study, both musicians and nonmusicians heard naturally voiced and whispered speech sentences in continuous and gated noise. The expectation was that if musicians benefit from superior processing of TFS pitch, they will exceed the performance of nonmusicians in the normally voiced conditions but not in the whispered conditions.
METHODS
Listeners were recruited from the University of Minnesota campus and were divided into two categories, Musicans and Non-musicians. Non-musicians reported less than 2 years of formal music education; musicians reported having begun formal musical training before 10 years of age, engaged in that training for at least 10 years, and currently playing at least 10 hours a week. These criteria essentially restricted our musician pool to music majors. All listeners had normal hearing (<20 dB HL 250 Hz -8 kHz) and completed the vocabulary and matrix reasoning components of the WASI-II intelligence test. The FSIQ-2 scores were kept equivalent between the musician and non-musician groups.
Each listener heard grammatically correct nonsense sentences containing 3 key words and were asked to type those key words at the end of each sentence. The sentence conditions were voiced speech, whispered speech, and whispered speech spectrally adjusted to match the long term spectrum of normal speech, and the noise in each condition was spectrally matched to the speech type. 36 lists of 8 sentences were used; 18 lists were presented with continuous noise, and the other 18 were presented with 16 Hz, 50% duty cycle interrupted noise. Each word was scored independently. Additional testing was conducted in replication of the methods in Parbery-Clark et al., 2009. 
